Summary
Male mice dermally exposed to single or multiple treatment (5 days/2 weeks) showed that the ability of malathion to induce chromosome aberrations in somatic (bone marrow) and germ cells (primary spermatocytes) was related to the type of treatment and dose used.
Statistically significant increases of chromosome aberrations in bone marrow cells occurred after single treatment (500 and 2000 mg/kg body wt) when chromatid gaps were included and after multiple treatment (250 and 500 mg/kg) when they were excluded. No dose-response relationships were observed for either treatment. In germ cells, malathion induced a significant increase of univalents in both types of treatment but structural chromosome aberrations were induced only by multiple treatment.
Malathion induced a significant decrease of the mitotic indices in the bone marrow.
Malathion ), S-[1,2-bis(ethoxycarbonyl)ethyl]-O, O-dimethyl phosphorodithioate, is one of the least toxic organophosphorus insecticides widely used in agriculture. Because of its increasing utilization, and knowing that some organophosphorus compounds exhibit alkylating properties (Wild, 1975) , we investigated the clastogenic properties of malathion.
Tests carried out with cultured human and Chinese hamster cells showed an enhancement of sister-chromatid exchanges (SCE) (Nicholas et al., 1979; Chen et al., 1981 Chen et al., , 1982 Nishio and Uyeki, 1981; Sobti et al., 1982) .
No increase of chromosome aberrations in bone marrow cells, spermatogonia and primary spermatocytes of mice, after oral and i.p. exposure, was described by and . Jorgenson et al. (1976) also obtained negative evidence in a dominant lethal mutation assay with orally exposed mice.
Clastogenic effects of malathion were observed by Walter et al. (1980) in human lymphocytes stimulated with phytohemagglutinin, but no relation was revealed between the dose and the level of chromosome aberrations. Dulout et al. (1982) observed an increase of micronuclei in polychromatic erythrocytes of mice dermally treated but the frequencies of micronuclei were not correlated with the dose.
In this paper we report our data concerning cytotoxic and cytogenetic effects of dermally applied malathion on somatic and germ cells of mice. Dermal treatment was used because it is the main route of absorption in occupational poisoning by agricultural insecticides.
Material and methods
Commercial malathion (Malatol 100 CE, lot No. 4263-01; Cyanamid Quimica do Brasil Ltda.), was dissolved in corn oil to the desired concentration just before use. Mice used as controls were treated with corn oil only.
Swiss Webster male mice 3 weeks old were obtained from Instituto Butantan and kept in the laboratory until exposure (8-10 weeks old), with food and water ad libitum, at a photoperiod of 12:12 and a room temperature of 22-24 ° C. 48 h prior to treatment, 2-cm 2 areas of hair on the backs of the animals were shaven with electric clippers, taking care to avoid skin damage. Only animals in which the epidermic was apparently intact and healthy were used. Cutaneous treatment was done by spreading the malathion solutions, once a day, on the backs of mice previously cleaned with acetone to remove the keratin layer and dead cells. Treated mice were caged singly.
For the single treatment, groups of 10 animals were exposed to malathion 0 (vehicle control), 500, 1000 and 2000 mg/kg body wt. The animals were killed 24 h after treatment and bone marrow metaphase cells were prepared according to the method described by Hsu and Patton (1969) and modified by Zambrano et al. (1982) . In order to obtain primary spermatocytes at the diakinesis-metaphase I stage, animals were killed 12 days after treatment which, according to Oakberg (1957) , should cover the stage of DNA duplication. Air-dried chromosome preparations were made according to Evans et al. (1964) .
For multiple treatment, 4 groups of 10 animals were exposed to malathion 0 (vehicle control), 250, 500 and 1000 mg/kg body wt, once a day, during 5 days. After 2 days the animals were exposed again, for another period of 5 days. 24 h after the last exposure the animals were killed and bone marrow cells and primary spermatocytes in diakinesis-metaphase I were prepared from the same animal. The preparations were stained with aqueous Giemsa stain and coded prior to analysis.
From each animal 100 metaphases Were analyzed with respect to aberrations of the chromatid and chromosome type as follows: gaps, breaks, exchanges and univalents (in germ cells). Mitotic indices were determined by analyzing 500 cells/animal.
Statistical evaluation of the data was done using a conditional test, based on an approximation to the Poisson distribution (Chakravarti et al., 1967) . This test was used because the frequencies of cells with aberrations were very small in relation to the total number of cells examined.
Results
A significant increase (P < 0.01) of bone marrow cells with chromosome aberrations was observed after single treatment when chromatid gaps were included. It was found when animals were exposed to 500 and 2000 mg/kg body wt but not to 1000 mg/kg (Table 1) . When chromatid gaps were excluded a significant increase (P<0.05) was observed for multiple treatment with 250 and 500 mg/kg (Table 2) . No correlation was found between the dose of malathion and the frequency of cells with chromosome aberrations.
A significant dose-dependent decrease (P < 0.01) was observed for the mitotic indices with both types of treatment (Tables 1 and 2 ).
The frequencies of primary spermatocytes with structural chromosome aberrations were significantly increased only after multiple treatment with ~500 and 1000 mg/kg when chromatid gaps were included and only with 500 mg/kg when they were excluded. Both treatments induced a significant increase of univalents mainly of X and Y (Tables 3 and 4 ). In both somatic and germ cells only chromatid aberrations were found.
Discussion
Malathion produces chromosome aberrations in somatic and germ cells of mice but these effects depend on the type of treatment used.
The increase of bone marrow cells with chromosome aberrations showed no dose-response relationships but a positive correlation was observed with respect to the mitotic indices. Chen et al. (1981) observed that with respect to the induction of cell cycle delay malathion is one of the most potent organophosphorus insecticides. In the cell samples analyzed after treatment with higher doses, therefore, a selection against damaged cells can be expected. Dulout et al. (1982) using the mouse micronucleus test also found no dose-response relationships after dermal exposure to malathion. According to Ehrenberg et al. (1983) dose-response relationships are influenced by a chain of events including exposure to genotoxic agents, physicochemical processes, enzyme-catalyzed reactions and repair functions.
The absence of structural chromosome aberrations in germ cells after single treatment, as compared to multiple treatment, could be due to a fast detoxification, to protection of the testes by the blood-testes barrier, or by a lack of accumulation in the testes after single treatment.
Our results are different from those observed by and , who used 99% pure malathion and other routes of exposure (oral and i.p.). It is known that commercial malathion used in agriculture contains several impurities with alkylating activities (Imamura and Talcott, 1985) , which are potent inactivators of malathion carboxylesterases (Mallipudi et al., 1980) and by this potentiate its toxicity (Pellegrini and Santi, 1972; Umetsu et al., 1981) .
Further studies are needed to elucidate the mechanism of the mutagenic activity of malathion.
